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Costs and Benefits of Apricultural Research 
1. At its meeting in November 1976 the Consultative Group discussed 
the question of how to assess the value of agricultural research by com- 
paring the costs with the benefits. It concluded that it would be use- 
ful to know more about the "state of the art" and asked the Secretariat 
to commission a study on the subject. 
2. The study was undertaken by-Dr. G. Edward Schuh and Dr. Helio 
Tollini. At that time Dr. Schuh was the Director of the Center for 
Public Policy and Public Administration at Purdue University. Dr. Tollini, 
on leave from the Brazilian Agricultural Research Corporation (EMBRAPA), 
was Visiting Professor in the Department of Agricultural Economics at 
Purdue. Their report, "Costs and Benefits of Agricultural Research: State 
of the Art and Implications for the CGIAR," which is based on a survey of 
the literature, reviews the present state of the art, describes a selec- 
tion of concepts and techniques for comparing costs and benefits and 
comments on the usefulness of analysis of this kind in formulating re- 
search programs. It suggests that the centers could, by more thorough 
analysis, improve their planning and design of research. 
3. That agricultural research and the knowledge so generated is an 
important means to raising agricultural productivity is widely accepted. 
As the resources committed to such research increase, important questions 
of resource allocation inevitably arise since these resources have com- 
peting uses. Data on the costs and benefits of research provide the 
means of handling these allocation questions. 
4. There are few market signals to aid decision-making in agricultural 
research, and cost-benefit analysis can help to make good this deficiency. 
It can help research managers improve the efficiency with which their re- 
sources are used. It can guide decisions on setting appropriate levels 
of budgetary support. And it can improve the relevance of research to 
agricultural development. 
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Basic Problems and Issues -- 
5. The authors note inherent difficulties in conducting cost-benefit 
studies of agricultur,al research. One such difficulty is that of seren- 
dipity or solving a problem through a chance discovery. This character- 
istic of research makes it difficult to know how to predict when such an 
insight or discovery will occur, especially since such chance discover- 
ies may occur in fields of inquiry rather far removed from those Iwhere 
they have direct application. 
6. Another difficulty is that creativity may be stifled if too much 
emphasis is given to cost-benefit analysis since it may induce the re- 
searcher to direct his labors to those activities that have obvious and 
easily understood results. Similarly, the use of cost-benefit analysis 
may reduce the incentive for basic research since the output of the re- 
search process in this case tends to be some relatively abstract know- 
ledge whose relevance may not be readily apparent. 
7. There are also a number of operational difficulties in making a 
cost-benefit analysis of agricultural research. For example, it is 
hard to define the output of the research process so as to be able to 
measure the benefit; and also to define the input of the research pro- 
cess for measuring costs. One has to assess the effective adoption of 
an innovation at the farm level instead of measuring the immediate out- 
put of the research process. It is necessary to decide whether the goal 
is to evaluate a research effort after the fact, or whether the evalua- 
tion is to be used as a guide to planning research on the basis of ex- 
pected future benefits and costs. The influence of economic policy on 
the adoption of the new innovation has to be isolated so as to measure 
the true effects of th:e research effort. It is necessary to judge whether 
a negative research result is an addition to knowledge or a zero output. 
Side benefits of the research process, such as improvement of skill levels 
of researchers and the contribution that a strong research center can 
make to strengthening other research centers, are difficult to measure. 
8. The authors see recognition of the various contributions that re- 
search can make as the key to evaluating the benefits of agricultural 
research. To increase agricultural output directly is'the most widely 
recognized contribution. But research has other effects. It may improve 
the quality of agricultural products, conserve or save production inputs, 
bring about improvements in the marketing system, reduce the cost of farm 
inputs or improve their quality, improve institutions and economic policy 
so as to facilitate technical change, and influence the distribution of 
income. 
9. To make a cost-benefit analysis of agricultural research properly 
the goals of the research program have to be specified. Goals can be 
set at various operational1 levels. At one extreme are rather general 
goals such as growth, 'equity, and security. At the other extreme are 
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such goals as to produce a more fertilizer-responsive variety or a 
more effective insecticide. Intermediate, and perhaps more pragmatic, 
goals include: 
(4 increasing consumer welfare by increasing food 
supplies; 
6) increasing the income and employment of farm 
workers; 
cc> increasing net income of the agricultural sector; 
Cd) increasing the contribution of agriculture to 
general economic development; 
(e) preserving the environment; and 
(0 expanding the income and employment opportunities 
of rural people. 
10. The paper recognizes that allof these goals are not attainable 
simultaneously. Moreover, the importance of individual goals will 
depend on both the particular set of policies used to promote general 
economic development and the stage of development of the individual 
countries. It is for these reasons that the goals should be carefully 
specified. 
11. The final set of issues is the side effects of technical change. 
Some of these side effects will be positive and thus contribute to the 
benefit side of agricultural research. Others will be of a negative 
nature, and must either be added to the cost side of the research pro- 
cess or subtracted from the benefit side. Among the side effects that 
need to be considered when increased output is the primary goal are the 
impact of technical change on the distribution of income, its impact on 
employment, and the consequences to the environment. 
Schuh and Tollini's Summary of Models and Procedures 
12. In their paper, Schuh and Tollini have identified a wide range of 
methods and procedures now available for evaluating the effectiveness of 
agricultural research programs. These methods and procedures can be divided 
into two groups: 
(a) those which attempt to evaluate research efforts that 
have been underway for some time, and in an after-the- 
fact sense; and 
(b) those which look to the future and attempt to evaluate 
the research effort before the fact. 
Schuh and Tollini discuss examples of each class in some detail. Data 
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generated from each of the two perspectives can improve decision-making 
with respect to agricultural research, and can also provide the ju,;tifi- 
cation for budget support of research programs. 
13. The various procedures used to analyze research after-the-fact 
generally attempt to assess the effect of the research effort on agri- 
cultural output or on resource savings, and combine quantitative assess- 
ments of these effects with costs of bringing about the observed changes. 
The analysis may focus on a particular innovation, such as hybrid corn 
research in the United States or the development of improved cotton in 
Brazil, or it may focus on the total research effort in a state, country, 
or region. It may also attempt to evaluate side effects such as resource 
displacement, employment generation or the creation of unemployment, and 
specific environmental impacts. 
14. The strengths of t:hi,s particular approach to the problem are that 
it draws on prior knowled:ge of how the economy functions and on empirical 
knowledge of the actual effect of the research on the economy. In addition, 
it can apply modern sta.tistical procedures to separate the effect of the 
research effort and to control in a systematic way for other variables 
that may be affecting either the research output or agricultural produc- 
tion. Such procedures enable one to obtain a more precise assessment of 
the particular contribution of the research effort. 
15. The disadvantage of these procedures is that they need a lot of in- 
formation, as for example on input and output data on crops and livestock 
and on the particular innovation being considered. In addition, if the 
objective is to control for other influences, such as research programs 
in other countries and in related research fields, data that measurce these 
other variables are required. 
16. The use of such procedures provides an important means of adding to 
the stock of knowledge (about the effect of agricultural research on econ- 
omy at large. To the e:stent such knowledge is transferable from one sit- 
uation to another, it provides information useful for improved decision- 
making. Moreover, refinements have been made in these procedures to the 
point where commodity and regional specificity can be obtained in pro- 
viding guidance to decision-makers, and in a form that is useful for ass- 
essing the value of research as an investment. 
17, The authors also review procedures which attempt to evaluate research 
before-the-fact, which are shown to be equally numerous and well-developed. 
Such procedures are widely used in non-agricultural research, particularly 
by the private sector and for military technology. Their survey concen- 
trates on the procedures used for agricultural research, although they 
note that the use of such approaches is still at an early stage. 
18. The authors sketch the procedures which attempt to evaluate research 
before it is undertaken, which generally start with a specification of 
goals and objectives for the research. An attempt is then made to assess 
the contribution of alternative research projects to the attainment of these 
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goals, and to assess the costs of attaining the goals under these 
alternatives. The rankers or "judges" may be scientists themselves, 
informed lay people, or some combination of the two. The particu- 
lar techniques used range from a simple scoring of individual re- 
search projects to complicated formal mathematical models. 
19. An important subset of the before-the-fact procedures draws 
on other knowledge of the economy, just as do the after-the-fact pro- 
cedures, but poses the analytical question in a forward-looking rather 
than a backward-looking perspective. Procedures are now available which 
permit such forward-looking analyses without the use of full or complete 
systems. Alternatively, simulation models can be developed which per- 
mit the rapid evaluation of a large number of alternative research pro- 
jects, and in such a way as to analyze expected detailed effects on the 
economy. 
20. The authors point out that one strength of these procedures is 
that they look to the future and hence provide a more realistic and 
relevant guide for decision-making. They also provide a mechanism for 
systematically considering goals and objectives of the research program, 
and with considerable flexibility. And they provide a rigorous and dis- 
ciplined means of pooling the judgment of large numbers of informed people, 
21. One disadvantage of the before-the-fact procedures is that they are 
costly in terms of the input of time required of informed professionals. 
They are both time-consuming and complicated, which may explain why the 
more complicated procedures for the most part have been used only once. 
The utility of the procedures is also heavily dependent on future devel- 
opments actually turning out as expected. Moreover, the informed judgment 
which is expected at the end of the analysis can be no better than the 
quality of the input which goes in. If nothing more is accomplished 
than to pool ignorance, little of value will be provided as a guide to 
improved decision-making. 
22. To conclude, the authors confirm that, although an impressive 
array of procedures for evaluating research have been developed, none 
of them offers a panacea, nor could they be used in a mechanical way as 
a guide to decision-making. However, the development of alternative pro- 
cedures appears to have far outpaced their actual use for decision-making, 
especially in publicly-supported agricultural research. 
Research Analysis within the CGIAR System 
23. Most of the centers in the CGIAR system have been established only 
recently. Moreover, they have come on stream in a period in which ever 
larger amounts of budget resources were being allocated to international 
research. As individual centers were brought into the system, there was 
little question about the total amount of support for their operations. 
Although directors were faced with difficult internal organizational and 
administrative questions, they were given reasonable assurance of overall 
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budget support. Moreover, they were generally given fairly specific 
mission guidelines, and their administrative tasks were to organize 
so as to move forward in attaining their objectives. 
24. The system supported by the Consultative Group continues to 
expand. The pressure on available resources is mounting. Increasingly 
the centers will have to compete with alternative uses of scarce develop- 
ment resources. If they are to continue to expand their budgets, they 
are likely to need strong justification. 
25. Once the programs of the various centers are under way, there are 
also difficult resource allocation questions, both within individual 
centers and among the various centers. With funding agencies increas- 
ingly committed to cost--effectiveness, management by objectives, and a 
concern for the social payoff for their investments, research centers 
of all kinds have to be able to defend and justify their budget requests 
if adequate funds are to be forthcoming. Hence, the maintenance of a 
vigorous program may increasingly depend on the ability of a center to 
show that its program offers an attractive investment potential. 
26. The procedures discussed by Schuh and Tollini can also be used to 
devise a sound technology policy in the broadest sense. Such a policy 
has to take account of the broad ramifications of technical change in 
the economy and society, and knowledge of these can be important inputs 
in shaping the ongoing research strategy. It can also be useful in bring- 
ing about changes in economic policy and other policy measures that will 
increase the productivity of the research effort. 
27. The centers presently vary a great deal in the attention they give 
to priorities and in the research they do to generate information use- 
ful in shaping their research programs or in devising a research strategy. 
Some have hardly addressed the question, while others engage in extensive 
reviews of- their programs and have effective research programs designed 
to evaluate the new technology in the field and to identify constraints 
to adoption. This information is then fed back into their ongoing research 
programs and influences future research interests, 
28. In examining the procedures now used by the centers, the authors came 
to the conclusion that little attention has been given to identifying the 
broader goals of the research program. To increase agricultural output 
and resource productivity is generally accepted as in the best interests 
of producers and consumers alike, with little recognition that producers 
in the aggregate may "losNe" from new production technology and that workers 
may in some circumstances have to bear a large share of the burden of the 
adjustment costs. 
29. Criteria for allocating resources among alternative activities in 
individual centers are not generally well articulated. Those centers that 
do address the question of priorities do so by means of a process of collect- 
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ing informed judgments and by continuous interactions between their 
scientists and other experts. However, the authors note a lack of 
a systematic procedure for weighing the various criteria and goals, 
or for pooling and evaluating the various opinions and recommendations 
received. 
30. Finally, Schuh and Tollini consider that there is a general lack 
of empirical research that would provide knowledge useful for devising 
a research strategy and for establishing research priorities. There is 
little knowledge as yet of the impact of agricultural research on agri- 
cultural development, on the constraints affecting the adoption of new 
production technology, of who benefits and who loses from technical 
change, and of what the environmental impact of new production tech- 
nology might be. 
31. The challenge to the centers is whether the considerable amount 
of informed judgment they collect on their own programs can be used 
more effectively to develop budget support and to devise a more effective 
research strategy. The challenge is also to develop the knowledge that 
will make their own research efforts more productive, and that will help 
induce complementary policies to increase the social payoff from agricul- 
tural research. 
32. Because of the diversity in missions among the various centers, the 
difference in their size and stage of development, and the complexity of 
the various problems they face in the areas and sectors they serve, the 
authors conclude that it would be neither sound nor appropriate to re- 
commend the adoption of a specific procedure or methodology for assess- 
ing and monitoring the ongoing research programs. However, they make 
~_ the following general recommendations that, if implemented, could help 
the center directors in their own decision-making, could help increase 
the payoff from considerable public resources now allocated to the centers, 
could help obtain additional budget support, and could help make the re- 
search effort a more effective contribution to agricultural development. 
,. Recommendations 
33. Schuh and Tollini recommend that the Group develop a constructive 
and positive attitude towards the evaluation and assessment of agricultural 
research. They see this as a means to a better understanding of the re- 
search process itself, rather than to judgments about individual scientists, 
programs, or institutions. They believe that the international centers 
should expand their capacity to do research on the means whereby their own 
policies on production of agricultural technology can be soundly based 
through developing interdisciplinary efforts integrated into ongoing re- 
search programs. 
34. Such efforts should include attempts to evaluate the direct and in- 
direct benefits of each research thrust in the center's program. Actual 
and potential costs, and the groups on whom they fall, should be identified, 
and evaluated to the extent possible. Such costs might include displace- 
ment of labor, losses arising from changes in comparative advantage, ecol- 
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ogical consequences, negative social implications, and other side effects. 
There is a need to evaluate how new technologies fit into existing farm 
organizations, and to examine means whereby innovations are adopted as 
widely as possible. Schuh and Tollini note that economic policies and 
institutions have a great influence on the extent of adoption, and see 
this too as a fruitful field for research. Finally, they see a need for 
more "research on research," leading to a better understanding of the 
research process itself, its role in stimulating social or technical 
change, and the interaction between new technology and social and econ- 
omic policy. 
35. The authors recognize that such efforts may call for substantial 
additional resources, which they believe to be justified in terms of the 
value, both to the centers and to national programs, of the information 
generated. 
36. They stress the importance of a clear definition of each center's 
goals, and of the systematic review of research priorities, to be done 
in conjunction with TAC Quinquennial Reviews. 
Conclusion 
37. The techniques described in the paper have some valuable applica- 
tions to the CGIAR system. The Group should establish an explicit policy 
that efforts to improve the analytical capability within the system will 
be supported and encouraged, but not unduly at the expense of the primary 
biological and socioeconomic programs of the centers. The Group's services 
(TAC and the two Secretariats) should further develop their capabilities 
to assist in such efforts, and to stay up-to-date on the state of an evolv- 
ing art. 
